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1
DEVICE FOR STERILIZING CONTAINERS
BY WAY OF CHARGE CARRIERS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is filed under 35 U.S.C. 371 as a U.S.
national phase application of PCT/EP2009/055369, having
an international filing date of May 5, 2009, which claims the
benefit of German Patent Application No. 10 2008 025 868.7,
having a filing date of May 30, 2008, both of which are hereby
incorporated by reference.

TECHNICAL FIELD

The present invention relates to an apparatus for the ster-
ilization of containers, more specifically for the sterilization
of containers before they are filled. In particular, the inner
wall of containers to be filled or of bottles should be sterilized
by the apparatus according to the invention. Various appara-
tus and methods of sterilizing containers are known from the
prior art.

BACKGROUND

WO 2007/145561 Al describes a method of sterilizing
containers. In this case the container is divided into two
regions to be sterilized and these two regions are sterilized by
electron beam apparatus in the two regions.

An electron gun, which is capable of being introduced into
the interior of a container through the opening thereof, is
known from WO 2007/095205 A2.

WO 97/07024 describes a method of sterilizing product
containers. In this case an electron gun is provided in the form
of tubes and the sterilization is carried out by an electron
beam. DE 101 34 037 A1 describes an apparatus and a method
of plasma sterilization. EP 1 120 121 A2 describes an appa-
ratus for the sterilization of containers by means of ultraviolet
light.

A technique for the internal sterilization of a container by
means of electrons is known from DE 198 82 252 T1. In this
case an electron radiation source is provided which directs the
radiation into the interior of the container from the outside.
However, in the case of the apparatus described here, which
are guided into the interior of a container—for example
through the opening—in order subsequently to sterilize the
inner wall, various problems arise, particularly with respectto
heating.

It may be desirable to make available an apparatus and a
method which permit an efficient sterilization even at high
levels of performance.

SUMMARY

An apparatus according to the invention for the steriliza-
tion of containers has a treatment head which has an exit
window through which charge carriers can pass. In addition,
the apparatus has a charge-carrier generation source which
generates charge carriers, and an acceleration device which is
arranged above the exit window and which accelerates the
charge carriers in the direction of the exit window. In addition,
the apparatus has a cooling device for cooling the exit win-
dow. According to the invention the cooling device has a
supply opening for a medium, more particularly a gaseous
medium, which supply opening is arranged below the exit
window and which directs the gaseous medium onto the exit
window from below at least in part.
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An arrangement of the acceleration device above the exit
window is to be understood as being that, in a customary
operation in which the apparatus is guided from above
through the opening of a container into the interior thereof,
the acceleration device is provided above the exit window. If
the apparatus is introduced into the container from below in
the case of other arrangements, the acceleration device would
be arranged below the exit window in a corresponding man-
ner. It is proposed according to the invention, however, that
the acceleration device should be arranged on one side of the
exit window and the supply opening on an opposite side with
respect to the exit window.

The exit window or a plane of the exit window is thus
arranged between the supply opening and the acceleration
device. In this way, the cooling device or the supply opening
is arranged in the same plane in which the charge carriers are
also present which have passed through the exit window.

Directing the gaseous medium in part from below is to be
understood as being that the gaseous medium has at least one
direction of flow which does not extend in the plane of the exit
window but strikes the latter at least obliquely from below. In
this way, a flow device of the gaseous medium also has a
component which is at a right angle to the exit window.

Itis preferable for the cross-section of the treatment head to
be designed in such a way that the treatment head is capable
of being passed through the opening of the container and the
acceleration device accelerates the charge carriers in such a
way that the charge carriers emerging from the exit window
are capable of being directed onto an inner wall of the con-
tainer. It is preferable for the charge carriers to be electrons.

In this context, reference is made to the European Patent
Application No. 07 007 977.7, not yet published, of the Appli-
cants, the contents of the disclosure of which are hereby given
entirely with reference to the contents of the disclosure of the
present application.

It is preferable for the gaseous medium to be selected from
a group of gaseous media which includes air, helium, nitro-
gen, argon, carbon dioxide, mixtures thereof or the like. The
exit window and the acceleration device are preferably
arranged inside a housing and this housing is designed in such
away that it is capable of being guided through the opening of
the container.

In the case of a further advantageous embodiment the
apparatus has an inner housing, inside which the acceleration
device is preferably received, and an outer housing, which
surrounds this inner housing. It is preferable for a space,
which extends as far as the treatment head and through which
the gaseous medium is capable of being conveyed for cooling
the exit window, to be formed between the outer housing and
the inner housing. In this way the cooling medium is prefer-
ably conveyed in the space formed in a substantially periph-
eral manner between the inner housing and the outer housing.

In the case of a further advantageous embodiment the
cooling device has at least one supply tube for the gaseous
medium, which extends at least in part and preferably sub-
stantially completely below the exit window. In this way the
gaseous medium is first deflected into a region which is situ-
ated below the exit window and is then directed from below
onto the exit window. In this way it is possible to cool the
entire region of the exit window and, in particular, to prevent
central regions from being cooled to a lesser degree than other
regions.

In the case of a further advantageous embodiment the
supply tube has a portion extending in a straight line. It is
preferable for this portion extending in a straight line to
extend substantially vertically downwards starting from the
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treatment head. This prevents the supply tube from interfering
during the introduction of the apparatus into the containers.

In the case of a further advantageous embodiment the
supply tube has a curved portion. It is preferable for the
supply tube to be curved substantially in a U shape in this
region, i.e. the gaseous medium is deflected at a pre-deter-
mined angle at this curved distance, which is between 100°
and 200°, preferably between 130° and 190°, particularly
preferably between 140° and 180°, and in a particularly pre-
ferred manner between 150° and 180°.

As mentioned above, it is preferable for the supply tube to
extend at least in part in a longitudinal direction of the appa-
ratus. In this way it is possible for the apparatus and thus the
tube to be guided downwards in a particularly convenient
manner.

It is preferable for the tube to be joined to the space formed
between the inner housing and the outer housing. This means
that the gaseous medium which passes through the space is
conveyed substantially completely into one or more supply
tubes.

It is preferable for an outer wall of the supply tube to be
situated further inside in a radial direction of the apparatus
than an outer wall of the outer housing.

It is preferable for the apparatus to have a plurality of
supply tubes for the gaseous medium. In this case it is pref-
erable for this plurality of supply tubes to be distributed
substantially uniformly in the peripheral direction and thus to
act upon the exit window with the gaseous medium from a
multiplicity of sides. In the case of a further advantageous
embodiment at least one cooling tube is produced from a
metal and preferably from a high-grade steel such as for
example stainless steel. In this way the cooling tubes can
withstand even high temperatures. It is also preferable for the
outer housing of the apparatus to be formed from a high-grade
steel or stainless steel. In a preferred embodiment the inner
tube of the tube is formed from titanium. In a particularly
preferred manner the exit window consists of a titanium foil.

In the case of a further advantageous embodiment the
apparatus has a ring which terminates the space at the bottom
and from which at least one supply tube projects. In this way
it is made possible for the medium to be conveyed entirely
through the supply tube and thus a particularly efficient cool-
ing of the exit window is achieved.

The present invention further relates to a device for the
treatment of containers with a plurality of apparatus of the
type described above. It is preferable for the device to have a
displacement device which displaces the containers in the
longitudinal direction of the containers with respect to the
apparatus. In addition, it is preferable for the device illus-
trated to be arranged between an expansion apparatus for the
containers and a device for filling the containers.

The present invention further relates to a method of steril-
izing containers, in which in an apparatus of the type
described above for the sterilization of containers charge
carriers are generated and accelerated in the direction of an
exit window which is arranged on a treatment head, and in
which the exit window is cooled by a cooling device. It is
preferable for a cooling device to direct a gaseous medium
onto the exit window at least in part from below by way of a
supply opening for the gaseous medium which is situated
below the exit window.

It is preferable for the gaseous medium to flow through a
supply tube arranged at least in part below the exit window. In
the case of a further preferred method the gaseous medium
flows at least in part around the inner housing in which the exit
window is situated.

10

20

40

45

55

4

It is preferable for the apparatus for sterilization to be
introduced into the interior of the container to be sterilized, in
order to sterilize the inner wall of the container. In this case it
is preferable for the apparatus to be introduced into the con-
tainer through an opening in the latter. It is also preferable for
the apparatus to be moved in the longitudinal direction of the
container with respect thereto during the sterilization proce-
dure, in which case both the apparatus and the container can
be moved.

Further advantages and embodiments may be seen in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings

FIG. 1 is a diagrammatic illustration of part of an apparatus
according to the invention, and

FIG. 2 is a detailed illustration of a cooling device for the
apparatus as shown in FIG. 1.

DETAILED DESCRIPTION

FIG. 1is acut-away illustration of an apparatus 1 according
to the invention for the sterilization of containers. This appa-
ratus 1 has at the lower end thereof a treatment head which is
designated 5 in its entirety and on which is provided an exit
window 8 by way of which an electron beam can emerge. In
this case, as customary in the prior art, the electrons are first
generated for example with the aid of a tungsten cathode.
These electrons are then accelerated by way of an accelera-
tion device 6 (not shown in detail). In this case it is possible
for electron sources in the form of dots or even surfaces to be
used as the electron-generation source. The apparatus 1 for
the sterilization of containers has an outer housing 16 and an
inner housing 20. In this case, in the embodiment shown in
FIG. 1 these two housings are designed in each case with an
essentially circular cross-section. In this way the apparatus is
constructed with double walls, in which case a continuous
gap 22, along which in particular air or another gaseous
medium or optionally even a liquid medium can be conveyed,
is formed between the outer housing 16 and the inner housing
20. Instead of a continuous gap, however, it would also be
possible for a plurality of channels to be provided which
extend in particular in the longitudinal direction L of the
apparatus.

A cooling device designated 30 in its entirety adjoins these
channels or the air gap 22 respectively. In this case this cool-
ing device 30 has a plurality of cooling tubes 34 which first
extend in the longitudinal direction L. and then over a curved
portion are formed in such a way that the gaseous medium M
can be directed from below through an opening 32 onto the
exit window 8 in order to cool the latter. As a result of this
design it is made possible for a central region of the exit
window 8 in particular also to be cooled in a satisfactory
manner.

Inthis caseitis possible for the gas jet M to be directed onto
the exit window 8 during the operation of the apparatus, but it
is also possible for the gas flow to be directed onto the exit
window in the period of time in which the apparatus is not
active or the radiation source is not active. In this way it is
possible to prevent the emerging electron beam from being
influenced by the air flow. Itis pointed out in this case that the
gas flow is used for cooling the exit window and, in particular,
not for guiding the electron beam.

In principle, the beam flow is the decisive factor in the case
of an optimally selected acceleration voltage, in order to
generate the correspondingly required dose in the container in
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the shortest possible time. This beam flow, however, results in
losses in the exit window 8 which, depending upon the design
of this exit window 8, also limit the maximum radiation
power of the electron radiation unit or the apparatus 1 sooner
or later. With the air, gas or liquid cooling described, however,
the necessary cooling of the exit window can be provided. In
other words, in order to achieve the maximum possible beam
flow, i.e. the maximum possible throughput, the number of
the radiation units should be minimized or the clock time
should be increased. In addition, it would be possible to
improve the scatter geometry on the atmosphere, i.e. outside
the exit window 8.

The electrons are accelerated at energy in a range of from
100 keV to 200 keV, preferably between 120 keV and 180
keV and preferably 130 keV and 170 keV.

In the interior of the apparatus or in the interior of the inner
housing or inner tube 20 it is possible for deflecting devices to
be provided which deflect the electron beam in a radial direc-
tion inside the inner housing 20. In this case for example the
inner housing 20 can have an end portion enlarged in a tapered
manner in the region of the treatment head. Because of this
end portion it is possible to deflect the electron beams at a
relatively high angle.

In addition, spacer members can be provided between the
inner housing 20 and the outer housing 16, and they prevent
contact between the inner housing and the outer housing and
result in thermal insulation. It is also preferable for the spacer
members to be insulated electrically.

In the case of the embodiment shown in FIG. 1 the exit
window 8 is situated in a plane which is indicated by the
broken line E and is situated at a right angle to the plane of the
figure. It would also be possible, however, for the exit window
to be arched and, in particular, to be arched towards the inside.

FIG. 2 is a detailed illustration of part of a cooling device
30 according to the invention. In this case the reference num-
ber 28 designates a cover which can be arranged at the lower
end of the apparatus 1 shown in FIG. 1. Three cooling tubes
34 extend in this case out of this cover 28 which substantially
covers the gap 22. These cooling tubes 34 have a first portion
34a which extends in the longitudinal direction L of the
apparatus, a second curved portion 345 and a third portion
34c, again extending in a straight line, which has the effect
that the air or gas flow is directed obliquely onto the exit
window 8 from below by way of an exit opening 32. In this
case the curved portion 34 causes a curvature of between 100°
and 180°, preferably between 100° and 170°, and in a par-
ticularly preferred manner between 130° and 170°. Inthe case
of'the embodiment shown in FIG. 2 three cooling tubes 34 of
this type are shown, which are uniformly distributed over the
external periphery of the ring 28 or cover. It would also be
possible, however, for a different number of cooling tubes to
be used and, in addition, the curvature of individual cooling
tubes 34 in the region 345 could differ from one another.

All the features disclosed in the application documents are
claimed as being essential to the invention, insofar as they are
novel either individually or in combination as compared with
the prior art.
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What is claimed is:

1. An apparatus for the sterilization of containers, compris-
ing:

a treatment head having an exit window through which

charge carriers are permitted to pass;

a charge-carrier generation source which generates charge

carriers;

an acceleration device arranged above the exit window, the

acceleration device accelerating the charge carriers in
the direction of the exit window;

an inner housing, the acceleration device being received

inside the inner housing;

an outer housing surrounding the inner housing, a space

formed between the outer housing and the inner housing,
the space extending as far as the treatment head; and

a ring which terminates the space, and from which at least

one supply tube projects downward, wherein each sup-
ply tube directs a cooling medium upward toward a
center of the ring for cooling the exit window, the cool-
ing medium being carried to the supply tube through the
space.

2. An apparatus according to claim 1, further comprising a
cooling device for cooling the exit window, wherein the cool-
ing device includes at least one supply tube for the medium,
the at least one supply tube extending at least in part below the
exit window.

3. An apparatus according to claim 2, wherein the supply
tube includes a portion extending in a straight line.

4. An apparatus according to claim 2, wherein the supply
tube includes a curved portion.

5. An apparatus according to claim 2, wherein the supply
tube extends at least in part in a longitudinal direction of the
apparatus.

6. An apparatus according to claim 2, wherein the supply
tube is joined to the space.

7. An apparatus according to claim 2, wherein the cooling
device includes a plurality of supply tubes.

8. An apparatus according to claim 2, wherein at least one
cooling tube is produced from a metal.

9. An apparatus according to claim 8, wherein the metal is
stainless steel.

10. An apparatus according to claim 2, further comprising
a ring which terminates the space and from which at least one
supply tube projects.

11. An apparatus according to claim 2, wherein the exit
window or a plane of the exit window is arranged between the
supply opening and the acceleration device.

12. An apparatus according to claim 2, wherein the supply
tube is curved at a predetermined angle between 100° and
170°.

13. An apparatus according to claim 2, wherein an outer
wall of the supply tube is situated further inside in a radial
direction of the apparatus than an outer wall of the outer
housing.

14. A device for the treatment of containers, the device
comprising a plurality of apparatuses according to claim 1.

15. An apparatus according to claim 1, wherein the exit
window comprises a titanium foil.
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